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Keisuke Kanamori* : Origin and early development of apogamous 
embryos in the prothallia of Dryopteris chinensis 

Some previous authors reported the obligate apogamy in some ferns, without 
any direct evidences for the obligate apogamy (Farlow 1874, De Bary 1878). Re¬ 
cently, Manton (1950) and her followers found the obligate apogamy in many ferns 
from the cytological view point. On the other hand, there are only a few studies 
on the embryogeny of the obligate apogamy. In this paper the author will report 
the apogamous embryogeny in Dryopteris chinensis (Bak.) Koidzumi, on which the 
obligate apogamy was reported by Kurita (1961). The author is very indebted to 
Prof. Hirosi Ito for his kind guidance and valuable advice during the course of 
this study. 


Materials and methods 

The spores used in this study were collected from following five localities 
in Japan. They are: 1) Takanosuyama (Tokyo Pref.), 2) Kitakatusikagun (Saitama 
Pref.), 3) Kuroyama-santaki (Saitama Pref.), 4) Ryokamiyama (Saitama Pref.), and 
5) Daibosatutoge (Yamanasi Pref.). The Meyer’s medium solidified by 7. 5 gr of 
agar per one liter was used for the cultivation of the prothallia. During the 
cultivation, the Meyer’s solution was added on surface of the medium at intervals 
of ten days. The cultivation of the prothallia and the juvenile plants were 
carried out in the growth chamber kept at 25°C and illuminated continuously by 
the fluorescent lamps (600-1000 lux). The prothallia and the apogamous embryos 
were fixed by Craf I, and then dehydrated in the series of tertiary butyl alcohol 
and embedded in paraffin. Serial sections were cut 5/u thick and stained with 
Heidenhein’s iron hematoxylin and fast green. 

Observations 

1. Initiation of the apogamous embryo. The spores germinate within a 
week and grow into the protonemas in 2 or 3 weeks after sowing. Then, they 
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Fig. 1-9. Apogainous embryo of Dryopteris chinensis. Fig. 1. Cross section of cushion. 
Several meristematic cells are seen on the ventral side. X220. Fig. 2. Cross section of cush¬ 
ion at slightly later stage of development. The embryonic mass consists of an apical cell 
(a), slender meristematic cells and inner small cells. X220. Fig. 3. Longitudinal section of 
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develop into the heart-shaped prothallia. The cushion consisting of two layers of 
cells are formed almost in all the prothallia about 6 weeks after the germination. 
No archegonium is observed on any prothallia, but a group of small cells having 
dense cytoplasm is distinguished on the cushion where would produce archegonia 
in usual non-apogamous species. The group of cells can be seen as a dark spot 
on a fresh prothallium under a binocular dissecting microscope. Such a peculiar 
group of cells has been observed by Steil (1911, 1918, 1933) and Whittier (1964, 
1965) in the prothallia of apogamous ferns. This group of cells consists of two cell 
layers at first, and it becomes the origin of the apogamous embryo as far as the 
author has observed. In regard to the development of the apogamous embryo, two 
different types are observed : the first type, as already observed by previous authors, 
is that the apogamous embyo develops on the ventral side of the prothallium, and 
the second type is that the embyo develops from both sides of the prothalium. 
These two types are tentatively called V-type and DV-type respectively and are 
shown diagramatically in fig. 19. 

In V-type of embryo formation, cell divisions of the cells on the ventral side 
predominated than on the dorsal side (fig. 1). The ventral cells divide at first 
anticlinally, then periclinally or obliquely. During the anticlinal divisions one of 
these daughter cells enlarges and may be considered to become an apical cell of 
the embryo (fig. 2). These superficial cells and their derivatives in the cushion 
forms a distinct embryonic mass of tissue confirmed by large vacuolated cells of the 
cushion, which will develop into an embryo (figs. 2, 3). Then, this embryonic 
mass gradually increases in size, and its superficial region grows into a conical 
protrusion on the ventral surface of the prothallium, which become the apical 
dome of the embryo. Soon after the formation of the apical dome, another apical 
cell (the first leaf apical cell) is formed on its flank (fig. 3). On the other hand, 
the cells on the dorsal side of the prothallium do not seem to contribute to the 
formation of the embryo. They divide a few times and increase in size contribut¬ 
ing to the growth of the cushion around the embryo. 


the early embryo developed from the ventral side of the prothallium (V-type). The first 
leaf apical cell (fi) is differentiated on the flank of the apical dome. X240. Fig. 4. 
Longitudinal section of the early embryo developed on both surfaces of the prothallium (DV- 
type). X240. Fig. 5. Cross section of the early embryo (DV-type). An apical cell (a) is 
seen on the dorsal side. X240. Fig. 6. Longitudinal section of stage of embryo develop¬ 
ment (DV-type). The first leaf apical cell (fi) is seen on the dorsal side. The apical dome 
is not seen in this section, because it is cut somewhat obliquely. Xl20. Fig. 7. Multicellular 
hairs on the ventral surface of the cushion (shown by the arrows). Xl20. Fig. 8. Multi¬ 
cellular hairs and scales with prothallial papillae. X60. Fig. 9. External view of the apo¬ 
gamous embryo. Apical dome (ad), first and second leaves (fj, i%) are seen. Xl5. 
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At the early stage of the embryo formation in DV-type, both dorsal and 
ventral cells consisting of the peculiar group in the cushion divide at first anti- 
clinally, then periclinally or obliquely (fig. 4). So as to form the initials of the 
embryo composed of cells relatively small in size and rich in cytoplasm. The 
shoot apical cell is formed in its dorsal surface (fig. 5) in contrast to the case of 
the V-type. The first leaf apical cell is also differentiated on the dorsal side of 
the prothallium as a lateral derivative of the shoot apical cell (fig. 6). 

In both types of apogamous embryo formation, a single embryo always deve¬ 
lops at the anterior part of the cushion, though some authors have observed that 
apogamous embryo developed from the wing or from other parts of the prothallium 
(Heilbronn 1910, Steil 1918). 

Previous to the external appearance of the embryo, many multicellular hairs 
are observed on the ventral surface of the prothallium in V-type and on the dorsal 
surface in DV-type. They develop into the hairs which have several papillae on 
tip and margin (fig. 7). Some of these hairs develop later into the colorless scales 
which possess many papillae (fig. 8, 9). These papillae are the same in shape as 
those of the prothallium and never be found in the scales of the sporophyte of 
this species. Therefore, it may be said that the appearance of these peculiar 
multicellular hairs is one of the first signs of the initiation of the apogamous 
embryo. 

2. Development of the first leaf. At first the first leaf primordium grows 
straight, and then bends its apical portion toward the apical dome (figs. 9, 11-16). 
Soon after the beginning of the circination of the leaf primordium, the initiation 
of the pinna sets on (fig. 10). As far as the author has observed, the leaf does 
not develop into the lobed one, which is usually observed in the juvenile sporophyte 
developed from the fertilized egg, but it develops into a pinnate leaf with five 
or more pinnae. The venation is dichotomous in the pinnae. When the differen¬ 
tiation of the pinnae is completed, the leaf gradually uncoils. The patterns of 
the development of the first leaf are similar in both V- and DV-type. 

3. Formation and development of the second and subsequent leaves. 
The second and subsequent leaves are also formed on the apical flank one by one in 
V-type (fig. 16). These leaves develop just like the first leaf and become pinnate 
ones. In DV-type, however, the second leaf arises from the ventral side of the 
embryo (fig. 17), while the subsequent leaves are formed on the apical flank which 
is located on the dorsal side of the prothallium. 
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Figs. 10-18. Apogamous embryo of Dryopteris chinesis. Fig. 10. The upper portion of the 
first leaf. A few pinnae (shown by the arrows) are differentiated. Xl20. Figs. 11-13. Longi¬ 
tudinal serial sections of apogamous embyo (V-type), later stage. Tip of the first leaf primor- 
dium bends toward the apical dome. Procambial tissues are seen inner part of the embryo. 60. 
Figs. 14-16. Serial cross sections of apogamous embryo (V-type). X60. Fig. 17. Later stage 
of the apogamous embryo (L>V-type). The second leaf primordium is found on the ventral 
side (f 2), Xl5, Fig 18. External view of the root (r) at the base of the first leaf. Xl5. 
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4. Origination of the vascular tissues and the root. When the first leaf 
is initiated, some inner cells which are adjacent to the cushion cells, divide several 
times somewhat irregularly and become elongated (fig. 3). Most of these elongated 
cells are found in the innermost part of the embryo at first, and they extend later 
so as to form the procambial strand. The procambial cells are also found in the 
leaf primordium and they connect to those of the inner part of the embryo (figs. 
11—16). After the completion of the first leaf, a root is differentiated endogenously 
at the posterior end of the embryo in relation to the base of the first leaf (fig. 
18). The root apical cell which has three cutting faces divides laterally and the 
root primordium grows outward on the abaxial base of the first leaf. In some 
apogamous embryos, however, the root is not differentiated, so they do not grow 
beyond the stage of the completion of the first leaf and finnaly become abortive. 


Discussion. 

Kurita (1961) reported that D. chinensis has gametic chromosome number 
123 and this is apogamous species based on the fact that the spore number in a 
sporangium is 32. The author sowed the spores from five different localities 
three times respectively, and obtained same results in all prothallia, that is, no 
archegonium was formed and the apogamous embryos took place in all cultures in 
every time. Therefore, it may be said that this species shows surely apogamy. It 
has been reported by many workers that the archegonium was not found on the 
prothallia of some apogamous species, or if formed, it would be abortive (Farlow 
1874, De Bary 1878, Steil 1918, 1919, 1933, Momose 1940, Manton 1950, Braithwaite 
1964). The same observations have been obtained in the present study. There¬ 
fore, it may be considered that an abortion of the archegonium is one of the 
characteristics of the obligate apogamy. De Bary (1878) observed that the apoga¬ 
mous embryo developed on the ventral side of the prothallium. Yamanouchi (1908) 
reported that the apogamous embryo originated from a single large cell of the 
prothallium in Nephrodium molle. Later, Duncan (1943) confirmed De Bary’s 
observation and thought that the apogamous embryo originates from the inner 
cells of the cushion in Dryopteris pseudo-mas. The present study shows 
clearly that the embryo initiates from a group of several superficial cells. This 
peculiar cell group appears in the cushion area at the same time of the develop¬ 
ment of the latter. The apogamous embryos developed from the several superficial 
cells of ventral side in many prothallia (V-type, fig. 19A). In some prothallia, 
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Fig. 19. Diagrams of two types of apogamous embryo formation. A. V-type; F. DV-type. 
Dark part is apogamous embryo and dotted part is prothallial tissue. 

however, it was observed that the dorsal cells also contributed to the formation of 
the apogamous embryo (DV-type, fig. 19B). There are a few studies on the 
development of the apogamous embryo from the dorsal side of the prothallium, for 
example: Leitgeb (1885), Steil (1918) and Duncan (1941). They thought that 
such embryos might have been induced by abnormal light condition during the 
cultivation of the prothallia. However, in this study, the facts that both types of 
the embryo formation (V- and DV-type) were obtained under the same light condi¬ 
tion may suggest some other factors rather than the light for the appearance of 
DV-type. In regard to the formation of the apogamous embryo in the prothallium, 
many previous authors reported that the leaf formed at first, then the root, and 
the stem finally (Steil 1918, 1919, Whittier 1965). Duncan (1943) reported that 
the order of the organ formation in the apogamous embyo was that the stem first, 
the leaf next, and the root finally. In the present study, the observations may 
suggest the validity of Duncan’s conclusion in the sense that the stem apical cell 
was formed at the earliest stage of the embryo formation. The foot was not 
formed in this case as in other cases of the obligate apogamy. 
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